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(0001 J The present invention relates to a siloxane compound having aryl gubsHiuents 

and in particular a siloxane polymer having a high refractive index. The invention relates 
especially to a siloxane polymer having at least one suhsiituent containing two aryl groups 
substituted on one and the same carbon atom. The invention also provides in another aspect a 
process for making .such siloxane compounds, and in yet another aspect, cosmetic skin and 
hair care compositions co. ii I . cane compounds. 

[mmij Aryl substituted .-siloxane compounds have beers known for some time, and 

have been disclosed widely. Aryl substituted siloxane compounds having a relatively high 
refractive index are also known, and are disclosed for example in patent specifications WO 
99/52965, WO 00/27348 and EP 554340. 

mm} to WO 99/52965, there is disclosed a method for the preparation of high purity 

poiyorganosiloxaoes with aralkyl function byhydrosilylattonof a 

hydnogenpolyorganosiloxans reagent and an aromatic monovinyi compound, which method 
comprises the simultaneous introduction of the reagents into a reaction medium containing an 
inert solvent and a hydrosiiylation catalyst Examples ofhydwgenpolyorganosiloxane 
include 

tf^X*^K 3 )SiO[Si(R^ 

or their cyclic homologies, wherein Rl and R 9 denote hydrogen or a C^g aikyl radical, 
whereas R.2 to R» denote independently an alky] group having up to 8 carbon atoms, n is a 
number from I to 10, at least one of R 1 or j s hydrogen when n equals 0, and m is a 
number from 0 to 50. Examples of the monovinyi compound have a boilmg point below 
200°C and have the formula 
CH 2 -C(R#) - <D f (R .' ^(R 2 XR ^XR-4 XRJ 5) 

wherein <&* denotes an aromatic group having 6 carbon atoms, R# denotes hydrogen or 
methyl, R'l to R'5 are independently hydrogen, methyl, fluorine, chlorine or bromine. 
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Particular examples include styrene, alpha-methyl styrene, alpha-methyl styrene dimex and 
pentafluorobenzene. 

[0004} WO 00/27348 describes for example aralky! siioxanes of the formula 

s cr%«r^ 

whereiiiRl t«R 5 andR^to are each independently hydrogen, aikyUalo aikyh aryl or 
<m dkyl s R 6 and R.7 are each independently hydrogen, alkyl halo alky! or aryl, n ' and m ' are 
each independently integers from 0 to 6, provided (V i m') are > 1 and provided at test one 
substituent group is aralkyL 

10 

[0005] BFS44330 describes an orgtoosilicon compound of the general formula 

R^Si(ai3)2-0-Si(CH 3 )2-R* 

wherein *• is selected from methyl or vinyl and R* is 2-methylphenethyl These materials 
are suggested as optical matching oils with a refractive index of from 1 ,46 to 1.51. 

15 

[0006] However, there is a continued need to provide siloxane compounds which 

have an even higher refractive index, preferably above 1.53. We have now surprisingly found 
that when certain aryl substiments are provided on sitae compounds, novel materials are 
produced, many of which have a relatively high refractive index, 

20 

(Off* MC^ A^^l^^O^seheBerich^ 116(2X71.0.23 (1983), 

carbamon rearrangements by intramolecular l,m proton shifts are described, in which the 

alkylene group has airhriinmm of 3 carbon atoms. 

25 

[0008] Accordingly the current roventfon provides a siloxane compound having at 

least 2 silicon atoms linked by oxygen and at least one silicon-bonded substituent of the 
general formula <0) X R' - 0> 2 wherein R' denotes a divalent hydtocarbon radical, x has a 
value of 0 or 1 and each O independently denotes a potentially substituted aryl group, and 
30 whuuu b, ^potentially sub.utuled a, j I groups arc linked directly to one and the s^ne 
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carbon, atom in the IV group, except that when only one. group ~<G) X R'- <H> 2 is present in the 
siioxane, either the siioxane contains at least 3 silicon atoms or if only 2 silicon atoms are 
present, R' equals dimethylene, 

f 00091 Siioxane compounds according to the present invention have at least 2 silicon 

atoms, finked hy ax* nx^cu aten lb s m r> lie i i , ir or t > , , ben K > u< A 

formula -flt 2 SiOJ m ^ or R 3 SjO-tIi2SiO} n -SiR 3 wherein n denotes 0 or an integer, m denotes 
an integer from 3 to 20 and each R denotes a substituent, preferably selected from 
hydrocarbon, hydrocarborjoxy, hydroxy! or hydrogen, provided at least one silicon- beaded 
sutwtituent R has the general formula ~-<Q) x R>~ <& 2 ^ de&ied above. It is possible that in 
addition to the groups R as defined above, some other R groups are present, which are 
discussed below as capping groups. It is particularly preferred that m has a value of 3 to 8, 
most preferably a value of 4 or 5. It is, however, most preferred that the siioxane compound 
is a linear siioxane where n has a value of 0 or an htteg^r from 1 to 5, especially a value of 0 



mm The siKcon-bonded substiUaa^Ofc R'~ <& 2 is Resent on at least one silicon 

atom of the sih * « <r coi npouud li is preferred mat at least ? sib on afoms h.n e such 
substituent, and particularly preferred are siioxane compounds having on each silicon atom 
such substituent. It is not preferred that more than one such substituent is present on any 
silicon atom, and indeed it would be difficult to manufeeture such compounds for reasons of 
sferic hindrance of these relatively bulky substiments, due to the presence of aryl groups. The 
group R ' is a divalent hydrocarbon group preferably having from 1 to 20 carbon atoms, more 
preferably 2 to 5, most preferably 2 or 3 carbon atoms. This hydrocarbon group is preferably 
saturated, and most preferably a linear alkylene group. Particular examples of suitable R' 
groups are di.meftyie.ne, propylene, isopropyfene, butyleue ami isobutyfene groups. It is 
particularly preferred that* has a value of 0, this making the substituent link to the silicon 
.hi vra'.n i.. tK < He t.inRti d ,> on , n, i + - ,< IU ! t isb.kx ti ml 

achieved compared io Si-O-C bonding. Each group S> is independently selected from 
optionally substituted aryl groups, preferably having from 6 to 20 carbon atoms. The <X» 
groups include phenyl and substituted phenyls, naphthyl and substituted naphthyl, anthracyl 
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and phenantryl and their substituted derivatives. Most preferred however are phenyl and 
substituted phenyls. Suitable substitute of the aiyl .group include halogen, hydroxy!, alkyl. 
alkoxy, aryi, aralkyl and earboxyl. Examples of suitable groups $ include, phenyl, 
monothturophenyl, pentachlorophenyl, m-bromophenyl tolyl, xylyh xcn>h cumerryi meshyl, 
diphenyl, benzyl aad and benzyl alcohol. More preferred as aryl groups ate those who have 
from 6 to 9 carbon atoms, especially mrsuhstibrted phenyl In die R'-* link, the go.». !p (s) <1> 
maybe linked to any of the carbon atoms of the R' group, although preferably both 0> groups 
are linked to the terminal carbon atom of the R 1 group, i.e. the one furthest irorn the silicon 
atom. It h howler essential that both <f> groups are substituted onto the same carbon atom of 
the r group. This was also found to provide the best refractive index characteristics. 

JOOllj Although less preferred, it is possible that only one group <E>2 is 

present in the siloxane, in which case it is prefen-ed that the siloxane contains at least 3 
silicon atoms. Alternatively for such siloxanes havihgonly one group -(0) x R'- % where 
the siloxane is a disiloxane R' equals dimethylene. 

[0012] The other subsfituei^ o» the iMcm Moms of the siloxane compound may be 

selected ta hydrogen, hydroxy! or hydrocarbyl groups or capping groups. It is preferred 
that the majority of these other substi tute are hydrocarbyl groups, more preferably alky! 
groups, most preferably alkyl groups having from 1 to 8 carbon atoms. Particularly preferred 
are methyl groups or ethyl groups. It is most preferred that at least 80%, ideally substamtially 
all van -(0) X R*- 0 2 substituents are methyl groups. 

pm 3) One ore more capping groups may be present on the silicon atoms. They are 

usually provided as a result of reacting any remaining silicon-bonded reactive groups, 
preferably Si-H groups, whi ch have not already been substituted with the Hp) x R- <1> 2 
groups. The capping groups may be any which will react, with the residual silicon-bonded 
reactive groups, for example aliphatic, eycloalipbatie or aralkyl alcohols, unseated, alkene, 
aryicne, aikarylene or aralkylene groups, which may be substituted e.g. by ether 
functionalities. Suitable alcohols include ethanol, hexanol, benzyl alcohol, cyclohcxanol, 
branched alkyl fatty alcohols, styrene, allyloxyethanol and vinyloxyethanol. It is preferred to 
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use capping agents which contain an aryl group, especially where the aim is to maintain a 
high refractive index value for the silovsne abound . Particularly prefixed for such 
applications is benzyl alcohol. The capping agent may be reacted with the siloxmie 
compound such that it forms a Si-C link, which would be achieved e.g. by hydrosilylabon of 
Sill with an alkenyl group, or a Si-OC link, which would be achie ved by condensation of Si- 
OH or Siil with an alcohol or ether functionality, providing a side product of water or 
hydrogen gas, 

10014] Whn e the mix is not s< v ti omd\ am < i <u h m t iMehve index, it is 

possible to react the residual silicon-bonded reactive groups with materials which will 
provide the siioxane compound with additional mnctionaiity, and there is prior art which 
indicates what such functionality confclbe, especially m applications such as cosmetic 
applications as discussed below. Suitable functionalities could include moisturizing, 
fragrance, colour, antimicrobial and others. It is even possible to provide capping agents 
WJach themselves to the silicon atom of the siioxane compound by a Si-OC linkage such 
that in the presence of moisture, e.g. atmospheric moisture, water, sweat, the agent could be 
set free through hydrolysis and perform its own function. Such hydrolysis will be more or 
less successful, depending on the bulk of the capping agent and its ability to allow water 
molecules to come near the Si-O-C linkage. 

fftOt 5J There is a particular interest in the material with the general formula 

CH 2 CH 2 



CM 


CH 


/ \ 


/ \ 


0 0 


0> d> 



especially where die group & is according to the preferred denotation indicated above, 
preferably phenyl. This material has been found particularly effective in providing a high 
refractive index. 



(001 6] in order to provide a higher refractive index, it is preferred that either the 

number of aryl groups m the siloxane compound according to the invention is at least the 
same as the number ofnon-aryl containing silicon-bonded substitute. For example in the 
particularly preferred disiloxane materials described in the previous paragraph, the ratio of 
aryl groups to nem-aryl containing silicon-bonded substituents is 1/1 (i.e. 4 <p groups and 4 
methyl groups). Another alternative selection of the preferred siloxane compounds having a 
high retractive index, is those siloxaue compounds in which the carbon content due to aryl 
groups in the siloxane compound amounts to at least 60% by weight, more preferably at least 
70 or 75% by weight of the total carbon content of fee siloxane compound, in me above 
exemplified preferred disiloxane material of the previous paragraph, this is 24 carbon atoms 
out a total of 32, or 75%. 

[00171 There ate a number of ways of making the novel materials according to this 

invention These include c ondensation or faction of aaumber oMlaxm having silicon- 
bonded mm ^og«i or alkoxy groups, wherein at least one of the «ttaff has at least 
one silicon-bonded (D) X R'- * 2 substituent, as defined above. All silanes used may be ones 
having a silicon-bonded -<0) X R'" 0> 2 substituent, resulting in a siloxane compound having 
such substituents on each silicon atom in the compound. Alternatively other silanes may be 
: used, with which the silaues having at least one silicon-bonded ~(0) X R'- 4> 2 substiment, are 
condensed or reacted. The silaues to be used require at least one condensable or reactive 
group, if a disiloxane compound is to be made, for example a silicon-Wed hydroxy! group 
or a silicon-bonded chlorine atom. Where a siloxane compound is to be made having more 
than two silicon atoms, the above silanes are preferably reacted with other silaues having at. 
5 i cast two condensable, or reactive sebstituerrt, for example a silane with two silicon-bonded 
hydroxyl groups or two silicon-bonded halogen atoms, e.g. chlorine. It is particularly useful 
in such reaction to start from an appropriate mixture of ehlorosiiancs, which are readily 
hydroiysed and condensed according to know processes. It is also possible alternatively to 
start this sort of condensation reaction from oligomers, rather than silaues, or from a mixture 
0 of the oligomers and site in which case die reactivity of all reagents is to be such that they 
can condense to form the desired siloxane compounds. The condensation reaction may be 
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carried out in the presence of suitable catalysts such as organic metal compounds such as 
orgaoolin salts, litaaates, or titanium chelates or complexes. Generally, these catalysts are 
used in amounts of between about 0.001 and 10 wt % based on the weight of the reagent, 
siianca or oligomers. 

l m *1 Suitable silanes or oligomers containing the preferred -£C - €> 2 substituents 

(i.e. x = 0) can be synthesized by reacting a hydrosilane, for example 
monochloiodimetliyhxydrosilane of dichloromonomethym.yurosilaije, or hydrosiloxane 
oligomers with a compound R"- <I> 2 wherein FT is a monovalent hydrocarbon group having 
aliphatic inisaturation, preferably olefmie, unsaturatlon and most preferably in the terminal 
carbon-carbon bond. Preferred groups R" include C^g groups with olefmie nnsaturatfon, for 
example vinyl or aflyl groups. Suitable si1au.es or oligomers containing -OR'-- m 2 (i.e. x - 1) 
may be prepared by condensing a group HO*'- ® 2 with a silane or oligomer having Si -OH or 
Si alkoxy groups in accordance with known « leas « to t reactions 

100191 'Ihe moat preferred material bis dipheijyletliyl tenamethyl disiloxsne may 

accordingly be prepared from its chlorosilane analogne by reaction of U-nhphenylethene 
with dimethylcWorosilane and subsament hydrolysis to yield the disiloxane. One beueht of 
this route is that the chlorosifene adduct can be purified by distillation to remove any residual 
traces of the platinum complex used in the hydrosilylation process, .resulting in. water-white 
materials. Very low residual monomer levels cart also be achieved by selection of the 
distillation conditions to yield adduct of purity in excess of 99,99%. 

[0020J A more pa fcrred synthesis u =erhmi for the more preferred sih >xam compounds 

according to the invention is (he hydrosilylation of a hydrosiloxane compound with a 
compound of the formula R" <D 2 group, wherein R" is as defined above, including definition 
of the preferred groups R" in die presence of a hydrosilylation catalyst . 



[8821] Accordingly the invention provides in a second aspect a process for making 

siloxane compounds according to the invention by reacting in the presence of a 
hydrosilylation catalyst a siloxane compound having at least 2 silicon atoms linked by oxygen 
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and having at least one silicon-bonded hydrogen atom with a compound of the formula R"- 
<!>;> wherein R" is a monovalent hvdrocarbon group having aliphatic uasaturation and each © 
independently denotes a potentially substituted aryl group, and wherein both potentially 
substituted aryl groups are linked directly to one and the same carbon atom in the R" group. 

100221 Siloxane compounds for use as reagent in the process according to the present 

invention have at least. 2 silicon atom,, linked by an oxygen atom. They may be linear 
cyclic materials, having the general formula -|R 2 SiO] m - or R 3 8iW 2 SiO] u <SiR3 wherein n 
denote m integer or 0, m denotes an integer from 3 to 20 and each R denotes a substftoent, 
preferably elected torn Irydrocaxbon, hydroxy! or hydrogen, provided at tet one silicon- 
bonded substituent is a hydrogen atom- It is particularly preferred that m has a value of 3 to 8, 
most preferably 4 or 5. It is however most preferred that, the siloxane compound is a linear 
siloxane where n ha, a value of 0 or an integer, preferably from 1 to 5, especially 0 or 1 . The 
silicon-bonded hydrogen atom is present on at least one silicon atom of the reagent siloxane 
compound. It is preferred that at least 2 silicon atoms have a hydrogen substituent, and 
psnticolarty preferred are siloxane compounds having on each silicon atom such hydrogen 
substituent. Although it is possible to use siloxane reagent compounds with more than one 
hydrogen substituent on any silicon atom, this is not preferred. It would be unlikely that more 
than one such hydrogen atom be reacted with the other more bulky reagent R"- 0> 2 in view of 



|0023] The other substituenvs on the silicon atoms of the reagent siloxane compound 

may be selected from hydroxy! or hydrocarbyl groups. It is preferred that the majority of 
these other substiUu-nts are hydrocarbyl groups, more preferably alfcyl groups, most preferably 
linear alkyi groups having from 1 to 8 carbon atoms. Particularly preferred ate methyl groups 
or ethyl groups. It is most preferred that substantially ail non hydrogen substitoents are 
methyl groups. There is a particular interest in the material with the general formula 
(CH 3 ) 3 - Si(H) O - Si(H) - (CH 3 ) 3 

as this material after reaction provides a siloxane compound with a particularly interesting 
refractive index characteristic. 



.9 



iWm\ The reagent compound of the general formula R"- m 2 has a monovalent 

hydrocarbon group R'\ which has aliphatic unsateration. The group R" is preferably a 
hydrocarbon group having from 1 to 20 carbon atoms, more preferably 2 to 5, most preferably 
2 or 3 carbon atoms. This hydrocarbon group is preferably saturated with the exception of 
one aliphatic unsaturate, preferably located at the terminal carbon-carbon link. Most 
preferably R" is a linear aikenyl group. Particular examples of suitable R" groups are vinyl, 
a%l, isopropenyh bufenyl and isobutenyl groups. Each groups $ & mdepeudendy selected 
from optionally substituted aryl groups, preferably having from 6 to 20 carbon atoms. 
Suitable substituents include halogen, hydroxy!, alkoxy, carboxyl and phenyl More ptefemsd 
as aryi groups are those who ha ve from 6 to 9 carbon atoms, especially uosuhstinited phenyl 
groups. The groups <b may be substituted on any of the carbon atoms of the R" group, 
although preferably they are subsdtuted on the carbon atom at fee other end from the aliphatic 
maturation of the R" group. U is however essential that both <& groups arc substituted ante 
the same carbon atom of the R" group. Examples of suitable compounds include 1,1- 
dipheiiylcthctie. 

[0025] The relative proportion of the reagent siloxane compound and tire compound 

R "- $2 i s preferably in stoichiometric amo mts based on « 5 rofSt-Ii gnu , ih 
siloxane which one desires to react with the R"- # 2 compound. It is possible to use a 
stoichiometric excess of the compound K <h 2 > but 1 cases, it is preferred to remo ve the 
ttnreacted confounds from the reaction product if high purity is preferred. Any nnreaeted Si- 
ll groups remaining in the siloxane compound reaction product arc then preferably further 
reacted wi th a capping agent, as discussed above under the first aspect of (he invention. 

[00261 Hydro ilyJaiK m ita] - t m mown > cart ind have been described in a 

number of publications. They arc generally Group VILE transition metal catalysts, as 
described e.g. in US patents 3,715,334 and 3,S14,730. Suitable hydrosilylation catalysts 
include complexes or compounds of pmvip VI I ;\,ia.N tor -w^k pl.moum, rmhmhmu 
rhodium, palladium, osmium and indium. Preferred catalysts are platinum compounds or 
complexes including chioroplatinic acid, platinum acetylacetonate, complexes ofplatinous 
halides with unsaturated compounds, for example, ethylene, propylene, organovinylsiloxanes 
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and styrene, hexamethyidiplatinum. PtCl 2 .PtCl 3 and Pt(CN>, Alternatively the catalyst may 
be a rluxlium complex, for example, KhCI 3 fBu 2 S) 3 . Generally, these catalysts are used in 
amounts ofbetweea about 0.0001 and 10 wL % based on the weight of the reagent sitoe 
polymer. HvAowMatiua reaction* are generally carried out at a temperature of from 40*C np 
to 2WC. preferably 8Q«C to 1 50*C, and at aortnal atmospheric pressure, although both lower 
,nd Idoher procures can be applied. Although the hydration catalyst ate designed to 
catalyse a hydrogen reaction, they can also be active to catalyse condensation reactions 
such as those described above for the capping agents. 

mil Many of the sitae compounds according to the present invention are found 

to have exceptionally interesting refractive indexes, espeeMly the more preferred compounds, 
where refractive indices above h S3 are not exceptional, even values above 1,55 can be 
achieved consistently. Such refractive indices are rarely achieved for sitae materials, and 
some of the value, seen were never previously achieved for sitae compounds. It follows 
to these compound, have a very wide potentiai use in application where refractive index 
values are important. Such uses include coating applications, additives for construction 
materials or decorative materials, for example paints and varnishes, cosmetic applications, in 
particular aritiperspirant applications, hair care applications, including conditioning, colouring 
and dyeing applications and skin care applications, including moisturising, colouring, 
protecting and general treatment applications. They are particularly interesting in those 
cosmetic applications where appearance becomes important, such as shine or colouring, for 
example colour cosmetics, lipstick, eye shadow, mascara, nail varnish, hair colouring end hair 
dyeing. There is m extra benefit in the use of such sitae compounds, because of the 
additional traditional benefit, of toes which can also be imparted to the treated hair or 
skin. Benefits include for example the improved feel on skin, improved gloss, softening and 



[0028] The siloxane compounds according to the first aspect of the invention, and 

&vm those winch do not have both * groups on a single carbon atom or those having only- 
one -(0) x R' - % group per molecule, regardless of the number of silicon atoms or the W 
group, have demonstrated benefits in many applications, significantly in personal care 
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application where fee high refractive index can offer masking of anttperspmait safe in under 
arm products. They have demonstrated excellent compatibility wife a very wide range of 
organic chemicals (including hydrocarbon oik, esters, alcohols, waxes and silicones), in 
particular they have shown excellent compatibility wife castor oil and perfumes and essential 
oils, in comparison to many other phenyl containing silicones, Good compatibility wife 
geiiants such as silicone polyamides for use tor example in lip- gloss was a J S0 observed They 
have the ability to impart shine or enhanced gloss on skin and may find benefit in skin 
applications such as lipsticks. It was surprising to fed also a benefit m the consistency and 
hardness of some cosmetic sticks, such as lipsticks. It retains the good aesthetics and feel of 
more traditional silicones imparting a luxurious "fed" on the .km. It has interestingly also 
shown excellent dispersion properties for pigments such as mica. 

(00291 A relatively low viscosity coupled with high refractive index, high purity and 

excellent compatibility with personal care ingredients have been demonstrated, which 
benefits are based on the unique composition of ratany of these novel materials. Many other 
high aryl containing siloxane c<m^:Mtob*^md at tx>Qffi temperature or have 
too low a refractive index. 

10039] Accordingly the invention provides in another aspect a cosmetic skim body or 

hah care composition comprising a siioxane compound having at least 2 silicon atoms linked 
by oxygen and at least one silicon-bonded subsbtuem of the general formula ~<Q> X R>- <!>, 
wherein R' denotes a divalent hydrocarbon radical and O denotes a potentially substituted 
«uvi i KH. P it is paiJtruIariypr. .emV both jx»c afe IK Mihstnukd <u>l jnoaps ate '< <^ j 
directly to one and the same carbon atom in fee R' group. Particularly preferred are those 
cosmetic skin, body or hair care compositions comprising alloxans compounds according to 
fee first invention, i.e. diose having at least 2 silicon atoms linked by oxygen and at least one 
silicon-bonded substituent of the general formula (0) X R^- <P 2 wherein R' denotes a divalent 
hydrocarbon radical, x has a value of 0 or 1 and each 0> independently denotes a potentially 
substituted aryl group, and wherein both potentially substituted aryl groups are linked directly 
to one and the same carbon atom in the R' group, except that when only one group -(G) x R 1 - 
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0> 2 is preset in the stioxane, either the siloxane contains at least 3 silicon Moms or if only 2 
silicon atoms are present, R' equals diraethylene 

(003 ! I It is particularly preferred feat the skin care composition is selected from 

colour cosmetic compositions, and in particular lipstick, nail vannsh, foundation creams, 
compact powder, and mascara. With regard to hair care compositions, it is preferred feat the 
application intended is selected from Irak colouring or hair dyeing application, and hair 
conditioners. 

10032] Skin, body and hair care compositions according to this aspect of fee invention 

would incorporate siioxane compounds in m amount of to 0.1 up to 50% by weight of fee 
total composition, preferably from i to 10% fay weight, more preferably 3 to 7% fay weight. 
They could be incorporated as a pure material, or memded in an emulsion or dispel. 
They may be applied to a powder or mixed in with liquid or paste like materials. 

[0833J In order to further clarify the M a number of examples ate provided, 

which are not limitative . In the examples, all percentages and parts or proportions arc by 
weight, unless otherwise indicated and all viscosities are kinematic viscosity measured at 
25<>C and atmospheric pressure. Refractive Index measurements were made on undiluted 
materials, at 25°C For examples I to 6 and 9, they were measured using an Abbe 
Re&aetometer Mk U Plus, supplied by Fisher Scientific. For examples 7 and 8 and for the 
comparative Example, they were measured using a KKM lactometer RA-5 1 0, supplied fay 
Kyoto Electronics. 

Example 1 

[mM] To a clean, dry flask fitted wife agitator, water condenser and thermocouple, 

blanketed with inert gas was added 500g {2.77 moles) of 1,1-diphe.nykthene and 200g (1.49 
moles) tetramethyldisiloxane. The mixture was warmed to 35"C and a quantity of a platinum 
based catalyst, winch tesulted m a platinum concentration of 25ppm based on the total 
mixture, was added. A slight exotheim to 39»C and a .light colour change from colourless to 
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pale orange were noticed. The mixture was slowly heated over 60 minutes until reflux was 
achieved at 8S\ \ and reflux svas then maiutamed, m- ; temperature rising to 105X over the 
next 4 hrs. After a further 2 to 3 hoars, the temperature was raised tol 25«C for a further 1 6 to 
24 hours. The reaction mixture was periodically sampled and analysed by g^-hqmd 
S chromatography <ge) and the reduction in uareactcd tetcamethyldisiloxane and 1,1 

diphenyk&ene was followed, showing a corresponding increase in reaction products with 
fee. The principal reaction product w,, the addition product of i , 1 -dmhenyk^ene and the 
silicon hydride. Due to the stotchimetric excess ofSffl (2 SiH groups per molecule) over 
unsatii^<-dcctrtki«.| t awjK«idu«fufLJ diphenyletbene ten ; together with a m ^ \w 

10 conception of fhx nmno-suhstituted disiloxaae. This was further reacted at i - ( will 20,; 
(0.085 moles) of alpha methyl styrene dimer. Tim; watted with substantially all rema dug 
SiH' moieties it) the disiloxane over a period of 16 to 24 hours. The resulting Substituted 
si loxane was shown by gc analysis to be in the presence of 1 24 ppm residual 1,1- 
diphenyletejoand 1 04 ppm residual alpha methyistyrene dimer. The physical properties of 

15 the siloxaae were measured as follows: viscosity: 155.2 mmVI - refractive index at 25°C: 
1.5613; residual SiH: 5 ppm. 

Example 2 

20 |0035j To a clean dry flask fitted with agitator, water condenser, thermocouple and 

hi « uUsnh>,, 1 n,e. I w 5 s ( HldcdHKI, i (0^ Mok ) of M dmhenvk . ne ,nd 40 r (« »o 
moles) of tetrarnethyktisiloxane and sufficient quantity of a platinum complex to give a 
platinum concentration m the reagent mixture of 25 ppm. Heating was applied and at WC 
a slight reflux took place, which lasted for 2-3 hours. The temperature was raised over the 

26 next 5 hour period to 128°C and was held for a further 24 hours. The resultant mixture was 
analysed by gc to yield a material with the following properties: viscosity: 1307 mm V*; 
refractive index: 1 5599; residual SiH content: 4.S ppm; residual U-diphenyle&eue content: 
184 ppm. 
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Example 3 

[WS6] To a clean dry flask fitted with agitator, water condenser, thermocouple and 

blanketed with nitrogen was added 500g (2.77 moles) of! J diphcny^hcic and 200g (1 .49 
5 moles) of u-o iuu^yldisiloxflno. The mi* hn« was wanned to 35»C and sufficient platinum 
complex added to generate a platinum concentrate of 25 ppm. There was an immediate 
slight exomerm to 39°C coupled with a change in colour to a pale orange. Further heat was 
applied, to raise the temperature to 85°C where the mixture started to reflux gently. The 
temperature was gradually increased over the next 8 hours to 105.4°C where the reaction 
10 mixture was held for 16 hxs, then increased io 125. 2°C and again held for approx 24 hours. 
Periodie sampling of the mixture for analysis by go showed the gradual consumption of all 
tetrainethytdisiloxane, with only a trace of unreaoted M-diphenylethene and about 5% of 
mono substituted disiloxane left. The mixture was allowed to cool to room temperature and 
14g (0.13 moles), responding to an addition level of 2 % of benzyl alcohol was added.: 
1 5 The mixture was heated to |25*d and held Ik 16 hours after which all but a trace of tire 

mono-substituted disiloxane remained, m observed by ge. The resultant material was filtered 
through a 5 micron filter to yield apate stiaw liquid, having a viscosity of 1 35.8 tnm^l, a 
refractive index of 1.5604, a residual SiH content of 5ppm and a residual 1,1-diphenylethene 
level of l Oppim 

20 

Examples 4-6 

[0037] Hie process of Example 3 was repeated, but the benzyl alcohol was replaced 

with i-ociene, allyloxy ethanol, and geraniol respectively. The resulting siloxane compounds 
25 only reduced the refractive index by less than 0.05 units (i.e. retaining final refractive index 
above 1. 54). 

Example 7 

30 [0038] To a clean, dry flask fitted with water condenser, agitator and blanketed with 

dry inert gas was added 9.4g (0. t mole) of donemylchiorosilane and sufficient platinum 
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o anplex to gl ve a 2S PP m concentration of pteiwo m die reaction mixture. Th< si! me was 
heated to 35°C, at which temperature there was a gentle reflux and to it wa, added drop-w.se 
over 75 minutes 21,6g (0.12 moles) of t,l-chphenyl e thene. At the end of the addition the 
reactor ten.perati.ire was 45°C with only a slight reflux, this was maintained for a further 4 to 
6 8 hours. Analysis by ge showed complete conversion of the u lam to the dtphenyklhyl 
addnet Hydrolysis of this product yielded a material with a viscosity of ««mA 1 and a 
refractive index of L5602. 

Bxarnple 8 

10039] To a clean, dry flask fitted with water condenser, agitator and blanketed with 

dry men ^.wa .rfdui 0.3 mok ot ^ ahyldR . uosd.no and smfh u» platinum, ompkx * 9 
give a2Sppm eonemtration of platinum in the react,™ mixture. The site was heated to 
35"Q at which temperature there was a gentle reflux and to it was added dropwise over 75 
15 rmnuies 0.1 2 mote of 1,1-dipbenylethene. At the end of the addition the reactor temperature 
was 45«C with only a slight reflux, this was maintained for a further 4 to 8 hours. Analysis 
by gc showed complete conversion, of the sitae to the diphenylethyl addnet. This product 
was then mixed in a ratio of 1 :3 to fee prehydrolised « lane of Example 7, and the mixture 
was hydrolysed in a water/tokens mixture with sodium bicarbonate to mop up the HO 
20 produced. After removal of the solvents and by-products, a mixture in a 1:1 weight ratio was 
obtained of the disiioxane of Example 7 and a trisiloxaue compound having on each silicon 
atom a diphenylethylene aubstmreut with a viscosity o" 06mm \ « and a v Uuive index of 
1.572. 

25 Example 9 

f 0040] To a clean, dry flask fitted with water condenser, agitator and blanketed with 

• -Um^w. M ](> ^,oit nu*0of 1 <MUmah ) !d 1 MioK iJ ,K ,mc {0 1 1 n oh s) ot I . 
diphenylethene. To this was added sufficient platinum complex to achieve a platinum 
30 concentration of 25 ppm. The mixture was heated to 88°C where a slight reflux was 

observed. Heating continued over the next S hours when the temperature rose to 98°C. A 
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sample of the mixture was analysed by gc and shown to contain no unreacted siloxane but a 
residual 1 , 1 di phenylethene content of approximately 20wr%. The viscosity was measured at 
9.9 ffffl^r 1 and a retractive index of 1.5600 

5 Comparative Example 

10041 1 To a dean dry flask fitted with agitator, water condenser, thermocouple and 

blanketed with nitrogen was added 220g of tetramethyldi siloxane, 6S0g (2,89 moles) of alpha 
me&yktynoft dimer and an appropriate quantity of a platinum catalyst to give a platinum 

! 0 concentration of 50ppm, The mixture was slowly heated to 85°C, where it started to reflux. 
Heat was continually applied and over the next 6 horns the temperature gradually rose to 
$ 08 o C, where it was left for a further 24 hours. Periodic samples were taken and analysed by 
go. Atthe end of this time the mixture was shown to consist of a trace of unreacted 
tetramethyWi si loxane, a slight trace of unreacted alpha-methyl styreoe dimer and a significant 

15 portion of monosuhglituted disiloxane. A further 5 ppm of Ft was added and heating 

continued to 12Q C C for a iurther 24 hours. The resultant product was shown to contain 20 
ppm residual SiH, 4528 ppm alpha-methylstyiene dimer having a viscosity of 1 09.3 ramV* 
and a refractive index of 1.5372. 

20 Example 10 

$042] A lipstick was prepared by making a pigment formulation of 5 parts of 

Covasil® 1102, 17.5 parts of Covasil® red W3801 and 77.5 parts of deeamethyl 
cyclosiioxane. 27 parts of this pigment formulation was then formulated with 8 parts 
25 Novol®, 2 parts avocado oil, 9 parts lanolin oil 4 parts petrolatum, 5 parts of a siloxane 

having methyl and C 1 6 alkyl substituents on most silicon atoms, 25 parts of Euianol® G, 1 1 
parts of candellila wax, 5 parts of the siloxane material of Example 2 and 4 parts of white 
ozokerite wax. The resulting lipstick was tested by a panel of experts and found to be easy to 
apply and retain a very .high gloss, even after prolonged time. 
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II 

10043] A lip gloss product was made using 16.5 parts of Dow Coming® 2-8 1 78 

silicone polyamide gellaat, 32.96 parts of deeamethyl eyclopentasiloxaae, 22.42 parts of 
5 isopiopyl myristate, 22.42 parts of Crodamoi® GTCC, 0.2 parts of a pigment mix and 5.5 
pails of the siloxane compound of Example 2. The finished product was tested by a panel of 
experts ami was shown to give a good level of gloss when applied. 



WO 2005/00*5856 



18 



r. f KP2(M>4/0ii021 



CLAIMS 

A siloxanc compound having at least 2 silicon atoms linked by oxygen and at 
least one silicon-bonded substitactit of the general formula -(0) x R" <Jn 
wherein R' denotes a divalent hydrocarbon radical, x has a value of 0 or 1 and 
each 0 independently denotes a potentially substituted aiyl group, and wherein 
both potentially substituted aryl groups are linked directly to one and the same 
carbon atom in the R' group, except thai when only one group ~{0} x R'-> $2 
is present in the siloxanc, either the siloxanc contains at least 3 silicon atoms 
or : where the siloxanc contains only 2 silicon atoms, R' equals dimethylene. 

2. A siloxanc compound according to Claim 1, wherein the siloxanc compound is 

adisiloxaneorab' • •<■ i pound. 

& A siioxane compound as claimed in Claim 1 or .2, wherein a substitaeM 

-{0) x R <l>2 present on more than one silicon atoms, 

4- A siloxanc compound as claimed in anyone of the preceding claims, wherein 

R' is a divalent hydrocarbon radical having 2 or 3 carbon atoms. 

5 • A siioxane compound as claimed in anyone of the preceding claims, where in 

addition to the silicon-bonded - ( 0) x R' • <S> 2 aubslituent(sX silicon-bonded 
alkyi groups having from I to 8 carbon atoms are present. 

6. A siioxane compound of the formula 

(CH 3 ) 2 Si -0-Si-(CH 3 ) 2 

I ) 

CH 2 CH 2 

CH# 2 CH<& 2 
wherein <£> is as defined above. 
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7. A siloxane compound according to any of the preceding claims, wherein each 
<1> denotes a group C5H5. 

8. A process for making siloxane compounds according to any of the preceding 
claims, provided x equals 0, by reacting in the presence of a hydrosilylatkm 
catalyst a siloxane compound having at least 2 silicon atoms Linked by oxygen 
and having at least one silicon-bonded hydrogen atom with a compound o f the 
nnmula R"- <I> ) wh< un, R' is ■ n ono dot 1 uboi ;xoiip having 

alipi tttit maturation ami ■. »el; <fs denot< s ind< p< «de.o iv 1 poi ;m > 
substnut^l a>l cut ip nd ^lun I'M p it nt s ub mm. d 1 t )itp art' 
linked directly to one and fee same carbon atom in the R" group 

9. A cosmetic composition for use in skin or hair care applications, comprising a 
siloxane compound having at least 2 silicon atoms linked by oxygen and at 
least one silicon-bonded substituent of the general formula -(0) X R '~ <J>2. 
wherein R' denotes a divalent hydrocarbon radical, x has a value of 0 or 1 and 
each O independently denotes a potentially substituted axy! group. 

It), A cosmetic composition according to Claim 9, wherein both potentially 

substituted aryl groups of each -<0) x R'- *X>2 substituent in the siloxane 
, , iii '1' 1 1 . v nbon ttommtbeR 

group, 

11. A cosmetic composition according to Claim 9 or 10, which comprises from 
0. 1 to 50% by weight of the siloxane compound. 

12. A cosmetic eomp< i ion am >rdiiU ! to anyom oi < % - 9 to 13, which is 
selected from colour cosmetic compositions, lipstick, nail varnish, mascara, 
foundation cream, compact powders, hair colorants, hair dyes aid hair 
conditioners. 



